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(54) CONTROL DEVICE FOR ENGINE WITH SUPERCHARGER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a transient 
responsiveness characteristic of boost pressure in an 
engine for controlling an intake amount by rotation of a 
supercharger. 

SOLUTION: This device is provided with a bypass 
passage 1 1 for bypassing a supercharger 7, a bypass 
valve 12 for regulating an opening of the bypass 
passage, and an electric motor 9 for driving the 
supercharger. At a steady operation time judged from an 
accelerator operation amount and the like, the bypass 
valve is opened to an opening degree calculated 
according to target boost pressure, and rotating speed of 
the supercharger is controlled by the electric motor so as 
to obtain target boost pressure by the bypass valve 

opening in this time. When a demand load is increased by an accelerating operation and the 
like from this condition, the bypass valve opening is corrected to the reducing direction, and 
the target boost pressure is controlled to rotating speed of the supercharger so as to achieve 
the target boost pressure. The bypass valve opening is reduced at initiation of a transient 
condition of acceleration and the like, and thereby a bypass air amount of the supercharger is 
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immediately reduced. It is thus possible to exhibit good supercharging responsiveness. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The bypass path which bypasses a supercharger in the engine which infixed the supercharger 
in the inhalation-of-air path, The bypass valve which adjusts the opening of a bypass path, and a 
supercharger rotational-speed accommodation means to control the rotational speed of a supercharger. 
The supercharger control means which controls a supercharger rotational-speed accommodation means 
to calculate the target rotational speed of a supercharger from the target charge pressure calculated 
according to operational status, and to become this target rotational speed. The control unit of the engine 
with a supercharger equipped with the bypass-valve control means which controls a bypass valve to 
become the target opening calculated using target charge pressure. 

[Claim 2] Target charge pressure is the control unit of the engine with a supercharger according to claim 
1 calculated using an accelerator control input and an engine speed. 

[Claim 3] The control unit of the engine with a supercharger according to claim 1 which calculates 
target charge pressure using said target throttle opening and engine speed while having the throttle-valve 
control means controlled to the target throttle opening which calculated the throttle valve with which the 
inhalation-of-air path was equipped using the accelerator control input and the engine speed. 
[Claim 4] The control unit of the engine with a supercharger according to claim 1 controlled to the 
supercharger rotational speed which attains target charge pressure while amending bypass-valve opening 
in the reduction direction, when supercharger rotational speed is controlled so that target charge pressure 
is obtained in the bypass-valve opening concemed and a demand change of load exceeds a reference 
value, while opening to the opening which calculated the bypass valve according to target charge 
pressure, when a demand change of load is smaller than a reference value. 

[Claim 5] The control unit of the engine with a supercharger according to claim 1 which used this motor 
as a supercharger rotational-speed accommodation means while constituting so that a supercharger 
might be driven with a motor. 

[Claim 6] The control unit of the engine with a supercharger according to claim 1 which prepared the 
nonstep variable speed gear as a supercharger rotational-speed accommodation means between the 
engine and the supercharger while constituting so that a supercharger might be driven by engine power. 
[Claim 7] A bypass- valve control means is the control unit of the engine with a supercharger according 
to claim 5 or 7 with which it amends bypass-valve opening in the reduction direction rather than a 
reference value when supercharger rotational-speed change is size. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amelioration of the control unit which controlled 
inspired air volume according to supercharger rotational speed especially about the control unit of the 
engine equipped with the supercharger. 

[0002] 

[Description of the Prior Art] As an engine control system it was made to demonstrate demand torque, 
the thing of JP,4-12133,A or JP,9-317485,A is known by controlling supercharger rotation. The former 
considers as the configuration which transmits engine power to a supercharger through a nonstep 
variable speed gear, and necessary torque is made to be acquired by changing the change gear ratio of a 
nonstep variable speed gear according to the control input of an accelerator pedal. Moreover, the latter 
considers as the configuration which drives a supercharger with a motor, and the torque control is 
carried out by changing the rotational speed of a motor. 

[0003] However, since it was the configuration which controls a nonstep variable speed gear or a motor 
by these things when there is an acceleration demand fi-om an operator, in order that an engine torque 
might not start [ the transient response of charge pressure ] promptly to a demand of delay and an 
operator according to mechanical delay factors, such as gear change delay, there was a problem that 
operability was not good. This invention aims at canceling such a conventional trouble. 
[0004] 

[Means for Solving the Problem] In the engine with which invention of claim 1 infixed the supercharger 
in the inhalation-of-air path The bypass path which bypasses a supercharger, and the bypass valve which 
adjusts the opening of a bypass path, The supercharger control means which controls a supercharger 
rotational-speed accommodation means to calculate the target rotational speed of a supercharger fi-om a 
supercharger rotational-speed accommodation means to control the rotational speed of a supercharger, 
and the target charge pressure calculated according to operational status, and to become this target 
rotational speed, The control unit equipped with the bypass-valve control means which controls a bypass 
valve to become the target opening calculated using target charge pressure is constituted. 
[0005] Invention of claim 2 shall calculate target charge pressure in invention of above-mentioned claim 
1 using an accelerator control input and an engine speed. 

[0006] In invention of above-mentioned claim 1, invention of claim 3 shall calculate target charge 
pressure using said target throttle opening and engine speed while being equipped with the throttle-valve 
control means controlled to the target throttle opening which calculated the throttle valve with which the 
inhalation-of-air path was equipped using the accelerator control input and the engine speed. 
[0007] In invention of above-mentioned claim 1, invention of claim 4 was controlled to the supercharger 
rotational speed which attains target charge pressure while it amended bypass- valve opening in the 
reduction direction, when supercharger rotational speed was controlled so that target charge pressure is 
obtained in the bypass-valve opening concerned and a demand change of load exceeded a reference 
value, while opening to the opening which calculated the bypass valve according to target charge 
pressure at the time of steady operation with a demand change of load smaller than a reference value. 
[0008] In invention of above-mentioned claim 1, invention of claim 5 used this motor as a supercharger 
rotational-speed accommodation means while constituting it so that a supercharger might be driven with 
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a motor. 

[0009] In invention of above-mentioned claim 1, invention of claim 6 prepared the nonstep variable 

speed gear as a supercharger rotational-speed accommodation means between the engine and the 

supercharger while constituting it so that a supercharger might be driven by engine power. 

[0010] In invention of above-mentioned claim 5 or claim 6, when supercharger rotational-speed change 

was size from a reference value about a bypass-valve control means, invention of claim 7 was 

constituted so that bypass-valve opening might be amended in the reduction direction. 

[0011] 

[Function and Effect] In each one or less above-mentioned claim invention, if the inspired air volume 
thru/or charge pressure supplied to an engine changes with the rotational speed of a supercharger, and 
the opening of a bypass valve, for example, the opening of a bypass valve is increased by supercharger 
rotational-speed regularity, the regurgitation air content through which it circulates from a supercharger 
to a bypass path increases, charge pressure will fall and bypass-valve opening regularity will also 
increase supercharger rotational speed, charge pressure will go up. Therefore, it becomes possible to 
raise charge pressure promptly, without waiting for increase of supercharger rotational speed, and to 
demonstrate a good torque response characteristic by reducing bypass-valve opening, when a demand 
load increases from the thing which controls supercharger rotational speed, then its condition so that 
target charge pressure may be obtained, where the extent bypass valve which it is under steady 
operational status is opened as shown as invention of claim 4. In addition, the same is said of the time of 
moderation, and since charge pressure falls promptly by increasing the opening of a bypass valve, a 
good transient response property is acquired irrespective of the rotation fall delay of a supercharger. 
[0012] Since it is fundamentally set with the demand load of an engine speed and an operator, the target 
charge pressure which should be set up in control of such a supercharger rotational speed and bypass- 
valve opening is calculated based on an engine speed and an accelerator control input, as shown, for 
example as invention of claim 2. Or as shown as invention of claim 3, in the configuration equipped 
with the throttle- valve control means controlled to the target throttle opening which calculated the 
throttle valve with which the inhalation-of-air path was equipped using the accelerator control input and 
the engine speed, target charge pressure is calculated using said target throttle opening and engine speed. 
It is more appropriate to calculate target charge pressure based on the throttle opening which represents 
an actual load with the engine of a configuration of that electronics control of the throttle opening is 
especially carried out by the actuator according to various service conditions since throttle opening does 
not necessarily correspond to an operator's accelerator control input. 

[0013] On the other hand, when it constitutes so that a supercharger may be driven with a motor as 
shown as invention of claim 5, rotational-speed control of a motor can perform rotational-speed control 
of a supercharger. Moreover, when it constitutes so that a supercharger may be driven by engine power 
through a nonstep variable speed gear as shown as invention of claim 6, supercharger rotational speed 
can be changed by controlling the change gear ratio of a nonstep variable speed gear. Furthermore, it 
sets in the configuration which established these rotational-speed control means. As shown as invention 
of claim 7, supercharger rotational-speed change rather than a reference value by [ which is size ] 
constituting so that bypass-valve opening may be amended in the reduction direction to solve and for it 
be alike Even if it is the case where supercharger rotational speed reaches an upper limit according to the 
gear change limitation of a nonstep variable speed gear when the driving torque of a motor runs short to 
a target supercharger rotational speed or This can be compensated with the standup of the charge 
pressure by the decrease of bypass- valve opening, and a good transient response property can be 
secured. 
[0014] 

[Embodiment of the Invention] The operation gestalt of this invention is explained based on a drawing 
below. Drawing 1 is the mechanical configuration of the 1st operation gestalt of this invention. 1 is the 
engine control unit which consisted of a microcomputer and its peripheral device, and controls the fuel 
oil consumption (Ti) of an engine 2, ignition timing (ADV), throttle opening (TVO), etc. based on 
various operational status signals. The fundamental amount of detection for engine control determines 
the signal value by amending the basic value which are an inspired-air- volume signal (Qa) fi^om an air 
flow meter 3, and an engine rotation speed signal (Ne) from the crank angle sensor 4, for example, 
becomes settled from these signals about fiiel oil consumption according to cooling water temperature, 
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an exhaust air oxygen density, etc. 

[0015] The supercharger 7 is infixed in the inhalation-of-air path 5 so that it may be located in a throttle 
valve 6 and its upstream. The opening of said throttle valve 6 is controlled by the actuator (not shown) 
which operates according to the command from a control unit 1 according to the accelerator control 
input signal (APO) fundamentally acquired from the accelerator sensor 8. 

[0016] The motor 9 is established as the driving source, and the supercharger 7 has the composition of 
transmitting rotation of a motor 9 to a supercharger 7 through the belt-pulley device 10. The rotational 
speed of a motor 9 is controlled by the control unit 1. Moreover, the bypass path 1 1 which bypasses a 
supercharger 7, and the bypass valve 12 to which the opening is changed are formed in the inhalation-of- 
air path 5. The opening of a bypass valve 12 is controlled by the actuator following the command from a 
control unit 1. In addition, in drawing, 13 is an intercooler which cools the pressurization air from a 
supercharger 7. 

[0017] Next, it explains, referring to the flow chart shown below in drawing 2 per control of the 
supercharger rotational speed by the above-mentioned control unit 1, and bypass-valve opening. 
Drawing 2 expresses the control routine performed periodically every about 10ms. In this control, the 
amount of operational status required for the beginning is detected. In this case, the accelerator control 
input APO by the signal from engine-speed Ne by the signal from the inspired air volume Qa by the 
signal from an air flow meter 3 and the crank angle sensor 4 and the accelerator sensor 8 is detected 
(step 1). Next, from the accelerator opening APO and an engine speed Ne, the target torque TTe is 
searched for with reference to the map beforehand set up like drawin g 3 , and it asks for the target 
throttle opening TVO and the target charge pressure TPC with reference to the map set as the property 
as shown in drawin g 4 given according to the rotational speed Ne at that time using this target torque 
TTe of a pan (steps 2 and 3). 

[0018] Next, the supercharger rotational speed TGNSC in the target opening TBVOST and the opening 
concemed of the bypass valve 12 apphed under steady operational status is calculated (steps 4 and 5). 
This target opening TBVOST is determined according to fixed or operational status according to an 
engine application and demand characteristics. Although supercharge effectiveness falls, it becomes 
good [ a transient response ], so that this is enlarged, although mentioned later in detail, and although 
supercharge effectiveness improves so that it is made small, a transient response serves as a fall 
inclination. Although the target opening TBVOST is not based on operational status but is good also as 
a fixed value, in order to secure good supercharge effectiveness in a broad operation region, it is 
desirable to carry out an adjustable setup according to target charge pressure in a property which was 
illustrated to drawing 5 . 

[0019] On the other hand, the target rotational speed TGNSC of the supercharger 7 which realizes target 
charge pressure TPC determines as a premise that bypass-valve opening opens only the specified 
quantity and it is controlled by the location as mentioned above. Based on the map specifically 
beforehand set up like drawing 6 , it searches and sets up from the target charge pressure TPC and an 

engine speed Ne. 

[0020] The target bypass-valve opening TBVO called for as mentioned above is outputted to each 
actuator as a command value as it is under few steady operation conditions of a change of load with the 
supercharger target rotational speed TGNSC and the target throttle opening TVO (step 7), and, thereby, 
the opening of a bypass valve 12, the rotational speed of a supercharger 7, and the opening of a throttle 
valve 6 are controlled by each desired value. However, about the target bypass-valve opening TBVO, 
amendment processing according to the existence of a change of load is performed beforehand (step 6). 
[0021] Drawing 7 and drawing 8 show an example of amendment processing of the above-mentioned 
bypass-valve opening, respectively. In drawing 7 , the variation DTPC per unit time amount of target 
charge pressure is calculated first (step 1 1), and, subsequently the variation of a demand air content is 
calculated from the difference of the variation DTQa of the target air content at this time, and the actual 
variation DAQa (steps 12-14). In addition, the variation DTQa of said target air content is calculated 
using the following formula. 
[0022] 

DTQa= engine inhalation air content change + inhalation-of-air system volume restoration = target 
torque change x torque and air content conversion factor x engine speed In a +DTPCx inhalation-of-air 
system volume x unit conversion factor, however this formula, torque and an air content conversion 
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factor are set up for every fixed value or engine speed from the place which has torque and an air 
content in abbreviation proportionality using that relation. The example of a map in the case of setting 
up for every engine speed is shown in drawing 9 . Moreover, a unit conversion factor is for converting 
so that the result of an operation may serve as a unit of an air content. 

[0023] With reference to the map finally beforehand set up based on said demand air content change as 
shown in drawing 10 , the amount BVOHOS of bypass-valve opening amendments is calculated. In 
addition, since it is the direction where a pressure falls and a change early enough is expectable even if it 
usually amends nothing, it is made not to amend that demand air content change is subtracted, when 
demand air content change is minus. By the example of drawing 8 , after asking for the target charge 
pressure change DTPC (step 21), if it is DTPC>=DTPCTL, as compared with the reference value 
DTPCTL which defined this beforehand, it will judge with the demand load increase by acceleration etc. 
According to DTPC, the amount BVOHOS of bypass- valve opening amendments is calculated with 
reference to the map beforehand set up like drawing 1 1 (steps 22-23). If it is DTPC<DTPCTL, it will 
judge with it being steady operational status, and the amount BVOHOS of amendments will be set as 0 
(steps 22-24). 

[0024] Thus, finally the amount amended with the determined amount BVOHOS of amendments is 
outputted as bypass-valve target opening TBVO (step 7 of drawing 2 ). A target supercharge pressure 
change thru/or demand air content change become so large that the accelerator control input by the 
operator is size (i.e., so that an acceleration demand is size), a big value will be set to the amount 
BVOHOS of amendments according to this, and bypass-valve opening will be amended more by this to 
a closing side. 

[0025] Drawing 12 shows the condition of each part by the above-mentioned control, and the situation 
of charge pressure change. Since the bypass valve 12 is opened to some extent at the time of a stationary 
so that it may be illustrated, a supercharger 7 is driven a little rather than a rate required to attain target 
charge pressure at high speed. If a demand load increases by acceleration etc. from this condition, 
bypass- valve opening will be driven in the direction which it not only changes to the target opening in 
that time, but reduces opening temporarily based on the above-mentioned amendment. Since this 
precedes with a rotation rise of a supercharger 7 and charge pressure goes up promptly, the outstanding 
acceleration responsibility is demonstrated, in addition, to some extent [ charge pressure change / 
amendment of the bypass- valve opening at the time of such acceleration ] in consideration of the point 
which the time delay according to the volume of an engine inhalation-of-air system produces ~ it is 
made to carry out by carrying out time amount continuation. 

[0026] Other processing technique of a demand load judging and bypass- valve opening amendment is 
shown in drawing 13 . To the thing of drawing 8 having carried out the load judging of the target charge 
pressure change DTPC by comparing with the reference value DTPCTL, these differs at the point which 
is comparing the target rotational-speed change DNSC of a supercharger with the reference value 
DNSCTL, as shown in steps 31-32. In this case, if it is DNSC>=DNSCTL, it will judge with a transient, 
with reference to the map set up like drawing 14 , the amount BVOHOS of bypass-valve opening 
amendments is set up (step 33), if it is DNSC<DNSCTL, it will judge with the time of a stationary and 
the amount BVOHOS of amendments will be set to 0 (step 34). 

[0027] The mechanical configuration of the 2nd operation gestalt of this invention is shown in drawing 
15 . The same sign is given to the same part as drawing 1 , and it is shown. Differing from drawing 1 
constitutes so that a supercharger 7 may be driven with the output of an engine 2 through a nonstep 
variable speed gear (CVT) 15, and it is in the point which controlled the rotational speed of a 
supercharger 7 by the change gear ratio Rc of a nonstep variable speed gear. 16 in drawing is the clutch 
prepared between the nonstep variable speed gear 15 and the supercharger 7, when rotation transfer is 
unnecessary, cuts this clutch 16 and enables it to suspend a supercharger 7. In addition, there are some 
which can set a change gear ratio as zero depending on a nonstep variable speed gear, and when 
applying such a thing, it is not necessary to necessarily form a clutch 16. 

[0028] The control technique of this operation gestalt is fundamentally [ as drawing 2 ] the same. 
However, with this operation gestalt, it differs from the thing of drawing 2 in that the target rotational 
speed TGNSC is attained by changing gears an engine speed Ne through a nonstep variable speed gear 
15, as mentioned above. The change of state of each part when being based on such control is shown in 
drawing 15 . This cuts a clutch 16, when the target rotational speed of a supercharger 7 is 0, and when 
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supercharge is needed, it shows the example of control connects a clutch 16 and it was made to drive a 
supercharger 7. It accelerates engine rotation by reducing the change gear ratio Rc of a nonstep variable 
speed gear 15 with connection of a clutch 16 at the time of acceleration, and is told to a supercharger 7, 
and, thereby, charge pressure goes up and goes toward desired value. Although not shown in drawing, 
the opening of a bypass valve 12 is controlled like drawing 12 also in this case. At the time of 
acceleration, the response time delay which connection of a clutch 16 and gear change actuation of a 
nonstep variable speed gear 15 take can be compensated by this, and charge pressure can be raised 
promptly. 

[0029] By the way, with the configuration which drives a supercharger 7 with a motor 9 like the thing of 
drawing 1 , when a small motor is established so that it may correspond, for example to supercharge in a 
common operation region mainly, the case where the torque of a motor 9 is insufficient to the 
supercharger rotational speed made into a target when a demand load is large, and target rotational speed 
cannot be attained may occur. If it is going to avoid this, a motor 9 will be enlarged and a premise, then 
futility will produce use in a common operation region. Moreover, with the configuration which drives a 
supercharger 7 by engine power through a nonstep variable speed gear 15 like the thing of drawing 16 , 
a limitation may be produced fi-om the limitation of the change-gear-ratio control area of a nonstep 
variable speed gear 15 also in target supercharger rotational speed. By this invention, it can respond also 
to lack of the supercharger rotational speed by such mechanical Umitation by controlling the opening of 
a bypass valve 12. That is, although drawing 17 shows the change of state of each part containing the 
target bypass-valve opening TBVO and real charge pressure at the time of said rotation marginal 
generating, by amending the target bypass-valve opening TBVO to the maximum closed position further 
rather than the case of drawing 12 , as illustrated, it can compensate the lack of rotation of the 
supercharger 7 of a transient, can raise charge pressure promptly, and can demonstrate good acceleration 
responsibility. 



[Translation done.] 
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